Kinetics and mechanism of the reaction of cyanide with molybdenum nitrogenase from Azotobacter vinelandii.
The steady-state kinetic behavior of the six-electron reduction of N2 by nitrogenase is known to differ markedly from the six-electron reduction of cyanide in two ways. First, on extrapolation to infinite concentration of cyanide, the H2 evolution reaction is almost completely suppressed whereas at extrapolated infinite concentration of N2, H2 evolution continues. Second, as the ratio of the Fe protein to the MoFe protein increases, the reduction of N2 is favored over H2 evolution, whereas the reduction of cyanide becomes less favored relative to H2 evolution. We have extended these steady-state experiments with Azotobacter vinelandii nitrogenase to include a third observation, that the six-electron reduction of N2 is favored over H2 evolution at high total protein concentrations whereas cyanide reduction is less favored over H2 evolution at high total protein concentrations. All three steady-state observations can be explained by a model whereby cyanide is proposed to bind to a redox state of the MoFe protein more oxidized than that reactive toward H2 evolution and N2 reduction. To test this model, we have examined the pre-steady-state kinetic behavior of both cyanide reduction by A. vinelandii nitrogenase and cyanide inhibition of total electron flow through nitrogenase. The data show that in the presence or absence of cyanide there is a short lag of 100 ms before H2 is detected, followed by a linear phase of H2 evolution lasting for about 3 s, during which time no effects of cyanide are observable. After 3 s electron flow is finally inhibited by cyanide, and the cyanide reduction product CH4 is finally formed.(ABSTRACT TRUNCATED AT 250 WORDS)